Recently a new maximally supersymmetric, dyonically gauged supergravity in four-dimenions has been constructed. This theory admits several supersymmetric AdS solutions, and a ChernSimons-matter dual theory has been proposed for a solution with an unbroken SU(3) symmetry.
I. INTRODUCTION
AdS solutions in supergravity theories have played a central role in the framework of AdS/CFT correspondence [1] . They provide gravity backgrounds and it is on their boundary where dual field theories can be formulated. Hence, for the case of lower dimensional gauged supergravity theories, AdS solutions which can be uplifted to 10-/11-dimensions are of particular importance.
Gauged supergravity theories can be obtained through gauging of Poincare supergravity.
The gauging procedure promotes some of the vector fields to non-abelian gauge fields and introduces a gauge coupling constant. As a result, it induces a non-trivial scalar potential, whose critical points may give rise to AdS solutions. Gauged supergravity can be also obtained by a consistent truncation of higher dimensional theory. For consistently truncated models, a solution of lower dimensional theory automatically satisfies the equations of motion of higher dimensional theory. It allows us to embed AdS solutions into string theory. background in M-theory, which is dual to three dimensional superconformal Chern-Simonsmatter theory known as ABJM (Aharony-Bergman-Jafferis-Maldacena) theory [2] .
There exists a one parameter family of four-dimensional maximal SO(8) c gauged supergravity [3] [4] [5] . Here c is a deformation parameter, i.e. the ratio of a newly introduced magnetic gauge coupling constant m to a usual electric coupling g. It is thus also called dyonically gauged theory. With these two coupling constants, the scalar potential of gauged supergravity should exhibit a richer vacuum structure. Hence, it is expected that dyonically gauged supergravity theories might open up new possibilities for AdS vacuum solutions.
Dyonic gauged supergravity and its application to AdS/CFT correspondence have been studied extensively in a series of papers [6] [7] [8] , where the authors studied D = 4, N = 8 dyonic ISO(7) gauged supergravity and showed that the four-dimensional theory can be obtained by a consistent truncation of massive type IIA supergravity on S 6 . The magnetic gauge coupling constant m is identified with the Romans mass of massive type IIA supergravity. Instead of studying the full D = 4, N = 8 dyonic ISO(7) gauged supergravity theory, one may focus on a suitable subsector of the theory for technical convenience. In the SU(3)-invariant sector 1 , a new example of AdS/CFT correspondence was proposed by [6] . The authors found an N = 2 AdS critical point of D = 4 theory and uplifted to a new N = 2 AdS 4 × S 6 solution, which is dual to three-dimensional superconformal ChernSimons-matter theory 2 . The matter content of the dual field theory consists of a single gauge multiplet with gauge group SU(N) with a non-zero Chern-Simons level k, and three adjoint chiral multiplets enjoying SU(3)-flavor symmetry. They computed the field theoretic partition function using the localization technique and found agreement with the result of the gravitational calculation. It was argued in [14] that this correspondence holds for a large class of duality pairs which are inherited from their parent superconformal field theory in four-dimensions, with the same matter contents and quiver diagram.
It is desirable to generalize this duality to a non-conformal setting. The free energy of the field theory mentioned above is determined by maximizing
with respect to the R-charges of the chiral multiplets ∆ i while keeping the marginality condition of superpotential, i.e. ∆ 1 + ∆ 2 + ∆ 3 = 2. This procedure is known as F -maximization [15] [16] [17] . The explicit form of the free energy with general quiver diagrams and R-charges is given in [14] . Following the ideas of [18] [19] [20] , one can think of a general R-charge assignment as a deformation of superconformal theory. This R-charge deformation introduces relevant operators such as mass terms, which induce RG-flows from the superconformal fixed point.
Our ultimate goal is to study these RG-flows holographically and reproduce the free energy (1) from the supergravity calculation. Since a generic R-charge assignment breaks SU (3) symmetry to U(1) 2 , our starting point to study the supergravity duals is constructing U(1) 2 invariant sector of N = 8 dyonic ISO(7) gauged supergravity.
Recently, the U(1) 2 -invariant sector was constructed using a canonical N = 2 formulation in studying BPS black holes [21] . The truncated theory is an N = 2 supergravity coupled to three vector multiplets and a hypermultiplet, which is an analogue of STU-model in eleven-dimensional supergravity theory. It is called the dyonic STU model in [22] and studied further in [22] [23] [24] where the Bekenstein-Hawking entropy of the black holes and the topologically twisted index of the dual field theories were computed to give an exact agreement.
In this note, we revisit the U(1) 2 -invariant sector of N = 8 dyonic ISO(7) gauged supergravity as a preliminary study on the gravity duals of RG-flows induced by a R-charge deformation of Guarino, Jafferis and Valera's (GJV) field theory [25] . We study the consistent truncation of maximal supergravity to U(1) 2 -invariant sector and construct the bosonic Lagrangian using the embedding tensor formalism. This U(1) 2 truncated theory is also discussed in terms of superpotential and N = 2 formulations, respectively. For the neutral scalar sector, we rewrite the bosonic action in an N = 1 language by identifying the holomorphic superpotential and the Kähler potential. It allows us to write down the supersymmetry variations of the fermionic fields, which will be useful in obtaining a set of BPS equations. We also give a brief comment on the critical points of the theory and the scalar mass spectrum around an N = 2 fixed point. The appearance of the tachyonic scalar fields
indicates that RG-flows can start from this UV fixed point.
The plan of this paper is as follows. Section II briefly reviews the SU(3)-invariant sector of D = 4 N = 8 dyonic ISO (7) gauged supergravity. In section III, we discuss various aspects of the U(1) 2 -invariant sector obtained by a consistent truncation of the maximal supergravity in detail. Some useful formulas needed in dyonic gauging are presented in appendix A.
Note: As this manuscript was being finalized, we received a paper by A. Guarino [26] where the truncation of dyonic gauged supergravity to N = 2 supergravity with U(1) 2 is also explained in detail. In particular, eqs. (12), (14) of this paper is the same as eqs. (65)- (67) of [26] .
II. REVIEWS ON GAUGED SUPERGRAVITY
A. D = 4 dyonic ISO(7) gauged maximal supergravity
In this section, we briefly review D = 4 dyonic ISO (7) The 70 scalar fields of D = 4 maximal supergravity parametrize the coset E 7(7) /SU (8) .
Here the index M = 1, 2, · · · , 56 is a fundamental index of E 7(7) and α = 1, 2, · · · , 133 is an adjoint index of E 7 (7) . The adjoint representation 133 of E 7(7) is decomposed under SL(8) to 133 → 63 + 70. Hence, the generators of E 7 (7) are t α = t N M ⊕ t M N P Q with t α = t 
The adjoint representation 63 of SU (8) and symmetric-traceless (I, J) representations.
As a result, the 70 scalar fields which parametrize the coset E 7(7) /SU (8) 
Here I, J = 1, · · · , 8 are for SO(8) spinor indices, and
The fundamental representation 56 of E 7 (7) is decomposed under SL(8) as 56 → 28+28 ′ .
This implies that vector can be separated into the electric and magnetic components as
Now we consider gauged supergravity using the embedding tensor formalism. Gauging procedure implies that we choose some of vector fields and promote them to non-Abelian 4 We follow the notation of [27] . (See page 67.) gauge fields. All the information of gauging can be encoded in the embedding tensor Θ α M . It specifies the vector fields and the generators which participate in gauging. The electric and magnetic parts of the embedding tensor have forms of
Here the E 7(7) adjoint index α is restricted to the adjoint of SL (8) since we consider gauge
. For the case of dyonic ISO (7) gauging, we have
where c ≡ m/g is the ratio of a magnetic gauge coupling m to a electric gauge coupling g.
B. The SU(3) invariant sector
Now we move on to review the SU(3) invariant sector of D = 4 N = 8 dyonic ISO (7) gauged supergravity. We consistently truncate the N = 8 theory to N = 2 sub-sector, which contains SU(3) singlets only. First, the embedding SU(3) into SO(7) ⊂ ISO(7)≡ SO(7) ⋉R 7 is as follows (See eq. 3.2 in [7] 5 .)
Let us begin by the decomposion of 8 v of SO (8) 6 as
5 The branching rules can be found in [28] . (See eq. C.2-C.7.) 6 Note that the SU (4) 15 + 10 +10.
The decomposition of scalar and vector fields under SU(3) ⊂ SU(4) are summarized in the Here, a = 2, · · · , 7 is a fundamental index of SO (6) . As a result, there are six real scalar fields, one gauge field and one graviphoton in the SU(3)-invariant sector. The truncated theory is an N = 2 supergravity coupled to one vector multiplet and one hypermultiplet.
At the N = 2 U(3) fixed point, the spectra of scalar and vector fields are summarized as follows. (See Table 3 of [7] .) 
The massless vector is a graviphoton and the massless scalar is a Goldstone boson to be eaten.
III. CONSISTENT TRUNCATION
A. The U(1) 2 -invariant sector
We study the U(1) 2 truncation of D = 4, N = 8 dyonic ISO (7) gauged supergravity.
We are looking for the scalar fields invariant under U(1) 2 i.e. the two Cartan generators of SU(3) as 
First, we obtain five real scalar fields, which are invariant under the action of λ 3 and λ 8 , in 35 c as
Let us consider the following expansions 
With the self-duality conditions, we have the following relations between various scalars.
In 
The explicit form of the generators t B A as 56 × 56 matrices is recorded in the appendix (A1). The generators g 4 , g 5 , g 9 , g 10 , g 1 + g 2 + g 3 , g 6 + g 7 + g 8 are the same as those of the SU(3) invariant truncation (eq. 3.5 in [7] ). Here we add four generators: g 2 , g 3 , g 7 , g 8 . By
exponetiating the generators, we construct the coset representative in the SL (8) 
Here, g 1 , g 2 , g 3 , g 5 are Cartan generators and g 
The six real scalars (χ n , ϕ n ) parametrize a special Kähler manifold
and the four real scalars (a, ζ,ζ, φ) parametrize a quaternionic Kähler manifold M QK = SU(2, 1)/(SU(2) × U(1)). Using the scalar matrix M defined as M = VV t , we can write down the scalar kinetic terms
Here, we used g 
where Ω MN = 0 28 I 28 −I 28 0 28 . See eq. 4.51 of [32] .
where the covariant derivatives are
Here we used the so-called X-tensors defined as
They contain all the information about gauging process through the embedding tensors.
The explicit form of X-tensors are given by (A3). With the scalar matrix M and X-tensors, one can calculate the scalar potential. The scalar potential has a rather long expression, and can be written as follows. 
The scalar potential depends on two gauge coupling constants g, m and eight real scalar fields (χ n , φ n , φ, ρ) 10 . When we have ϕ ≡ ϕ 1 = ϕ 2 = ϕ 3 and χ ≡ χ 1 = χ 2 = χ 3 , then the scalar potential (18) reduces to that of the SU(3) invariant theory. See e.g. eq. (3.11) of [7] . 10 With the redefinition of the fieldsζ + i ζ = 2 ρ e iβ , the scalar potential depend only on ρ 2 = 1 4
ζ2 + ζ 2 .
B. Superpotential formulation
We introduce the complex coordinates t n and u as
which parameterize the upper-half complex planes, respectively. Then, we perform one more coordinate transformation to the Poincaré unit disk
We have found the following superpotential.
This superpotential is related to the scalar potential (18) through the usual formula,
where we have two superpotentials
C. An N = 2 formulation
In this subsection, we rewrite the bosonic action in a canonical N = 2 form [33, 34] 11 .
The ingredients, which determine the supergravity action, are the holomorphic section X Λ and the prepotential F of the special Kähler manifold of the vector multiplet scalars and the metric h uv and the moment maps P x α of the quaternionic manifold of the hypermultiplet scalars.
First let us study the special Kähler manifold of the vector multiplet scalars. The prepotential is
with the holomorphic section
Note that once we choose X Λ , then F Λ are determined by 
The metric is written as
adjoint index of SU(2, 1) and x = 1, 2, 3. From the covariant derivatives of the hypermultiplet scalars (16), we obtain
Then, one can easily read off the Killing vectors
and the embedding tensors
where n = 1, 2, 3. Among the isometries of the quaternionic manifold, two isometries are chosen to gauge the theory. The first Killing vector k 1 generates SO(1,1), which is gauged dyonically. The second Killing vector generates electrically gauged U(1). Although there are three vector fields, only the sum of them participate in gauging. The metric of the quaternionic manifold can be easily read off from (15) and is
To calculate the moment maps, we take the orthonormal frame as
and construct an SU(2) Lie-algebra valued two-form as
which satisfies the quaternionic algebra
13 The covariant derivative of the scalars in the hypermultiplets is
This quaternionic Kähler form is covariantly closed with respect to the SU(2) connection one-form w
and proportional to the SU(2) curvature
We calculate the SU(2) connection one-form w x as
Finally, we obtain the moment maps as
which satisfy
Using all the results we obtained in this section, the canonical expression for the N = 2 scalar potential (See, for example, eq. 3.39 of [7] .)
reproduces exactly the same scalar potential (18) . The last term of the above scalar potential can be rewritten in terms of the superpotential as
Similar analysis for the electrically gauged theory can be found in [28] . (See eq. B.42.)
D. An N = 1 formulation
Since the gauge fields play no role in the domain wall solutions, let us focus on the neutral scalar fields in this section. We truncate away the vector fields and the charged scalar fields (a, β). Then, we write the action with eight neutral real scalars and the metric, which can be re-organized into the bosonic action of N = 1 supergravity coupled to four chiral multiplets in N = 1 formulation. The bosonic action becomes
where we identify the Kähler potential
and the Kähler metric
Here we introduce a new chiral multiplet scalar z 4 ≡ ζ 12 , which is a neutral complex scalar in the N = 2 hypermultiplet. Then the scalar potential (22) can be written in terms of the superpotential and the inverse Kähler metric as
In N = 1 supergravity, the superpotential can be expressed as
where the Kähler covariant derivative is
By equating the two expressions for the scalar potential, we identify the holomorphic superpotential V as
Here, we used the following identities
and
which can be obtained by using the holomorphic property of the superpotential V. Using the Kähler potential K and the holomorphic superpotential V, one can easily write down the supersymmetry variations of the gravitino and the dilatino.
At this point, it is worthwhile to note that the holomorphic superpotential can be written in a simpler way. Under a Kähler transformation
a Kähler metric K αβ is invariant while the holomorphic superpotential V transforms as
Now, let us consider a Kähler transformation with
Then, we obtain the Kähler potential
The form of the holomorphic superpotential is simplified in terms of the complex fields (t n , u) as
Note that See Table 3 in [7] and Table 1 in [9] for the details.
Here, we are interested in the N = 2 SU(3)×U(1) fixed point located at
One can compute the mass spectrum of the scalar fields and the corresponding conformal dimensions of the dual operators around this AdS fixed point. They are summarized in and four with dimension 2. We emphasize that the last four relevant operators are introduced as a result of R-charge deformation of the dual field theory (1) and induce RG-flows from the UV fixed point.
IV. DISCUSSIONS
We revisited the U(1)
2 -invariant sector of D = 4, N = 8 dyonic ISO(7) gauged supergravity, which was recently constructed in [21] and studied further in [22] [23] [24] . We focused on the aspects of the U(1) 2 -invariant sector as the gravity duals of R-charge deformations of Guarino, Jafferis, Varela's theory [6, 14] . On the field theory side, the general assignments of R-charges correspond to introducing mass terms, which induce RG-flows. As a first step towards understanding this RG-flows in a holographic setup, we have constructed the U(1) 2 truncated theory using the embedding tensor formalism.
In this paper, we presented explicit forms of the superpotential. It enables us to calculate the mass spectra of the scalar fields around an N = 2 fixed point. As a result of the U(1) 2 truncation, we obtained the four additional tachyonic scalar fields which can induce RG-flows from the AdS fixed point. They correspond to the bosonic and fermionc mass operators in the dual field theory. We also rewrote the bosonic action in an N = 1 language and identified the holomorphic superpotential and the Kähler potential. It will allows us to obtain a set of BPS equations by requiring the vanishing of the fermionic supersymmetry variation.
We are eventually interested in the field theories defined on a sphere to use the localization technique and compute the exact quantity such as the partition function, when there are mass deformations as well as the conformal point. Hence, the boundary of dual gravity solutions we are looking for should be a sphere on which the field theories are defined. To be more specific, the holographic RG-flows should be described by the sphere-sliced domain wall, and not by the flat domain wall [18] [19] [20] . With as many as four complex scalar fields, solving the BPS equations is rather complicated mission. We aim to deal with numerical solutions to supergravity BPS equations, and reproduce the field theoretic calculation of the partition function in the near future [25] . In this appendix, we collect the useful formulas needed to construct D=4 N = 8 dyonic ISO (7) gauged supergravity in the main text. The details can be found, for example, in [7] .
The explicit form of the E 7 (7) 
We can construct the X-tensors using the embedding tensors and the generators as
The elements of X-tensors are given by 
